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COMPOSITE MATERIAL MEMBER 



AND METHOD FOR PRODUCING THE SAME 



Technical Field 

[0001] The present invention relates to a composite material member composed of a 
light metal of a light metal all6y (hereinafter, "main material") used in engine blocks for 
automobiles, piston, parts for aircraft, and radiator plates for electronic devices, and to a 
secondary material vMch is diflFerent fi-om the main material, and specifically relates to a 
technique in which strength and durabiUty in a joined part between constituent materials 
of a composite material member are improved and production cost is decreased. 

Background Art 

[0002] Recently, in order to respond to a demand for weight reduction in automobile 
parts and aircraft parts, light metals such Al alloys are often used. However, when a 
Ught metal is used, generally, it is necessary to combine the U^t metal with a secondary 
material which can provide the required characteristics, so as to compensate for 
problems in characteristics in the tight metal, such as strength at elevated ten^erature, 
wear resistance and coeflBcient of thermal e^ansion (see Japanese Laid-open Utitity 
Model No. 5-71474, specification (Page 1)). 

[0003] In the combining, while there was an advantage in obtaining the characteristics, 
there was a disadvantage of having a low joining strength due to combining different 
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kinds of materials, and there was therefore a problem in that the materials are easily 
peeled wiien external force acted on the materials or the materials were e>q)osed to 
environments having large temperature variations. As efforts to solve the problem, a 
technique in wiiich an oxide film on the surface of the secondary material v^ch 
prevents good joining is removed by micronized catalyst in casting is performed. 
Alternatively in producing cylinder heads for engines, oxide films on the surfece of the 
secondary material are removed under vacuum, the surface is protected by plating with 
Ti-based thin film, and the secondary material is integrally cast with Al metal (see 
Japanese Laid-Open Patent No. 6-218519, specification (Page 1)). 
[0004] In methods other than the chemical methods, in producing the cylinder bore 
portion of the cylinder block, cylinder liner is press fitted after casting Al alloy, whereby 
the combining is performed in a mechanically adhesive condition. 
[0005] In the above-mentioned conventional composite material member, strength and 
durabihty in a joined part between constituent materials of the composite material 
member are firmly improved. However, all techniques have problems in that the 
production process is compUcated or the material is expensive, whereby the cost is high. 
That is, micronized metals used as catalysts are precious metals such as Au, Ag andR. 
In a process in which Ti-based thin fihn is provided, cost is high due to performing in 
v^or phase by a PVD method. The combining by mechanical press fitting involves a 
finish processing at high accuracy of an internal diameter and an external diameter, and a 
press fitting process. Therefore, tiiere was a problem in that production cost of the 
composite material member produced by these methods were high. 
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DISCLOSURE OF THE INVENTION 
[0006] The present invention seeks to solve problems in the conventional techniques, 
and the piupose of the present invention is to provide a composite material member in 
which a main material is a H^t metal, strength and durability in a joined part between 
constituent materials of the composite material member are improved, and production 
cost is decreased, and to provide a method for producing the composite material 
member. 

[0007] The present invention provides a composite material member containing a 
main material composed of a light metal or a light metal alloy which can be molded by 
casting and a secondary material composed of a metallic material different from the 
main material or an inorganic material, the secondary material being joined to the main 
material by integrally casting with the main material, and wherein a porous material is 
arranged on a part of a boundary area or entire boundary area between the main material 
and the secondary material. 

[0008] In the composite material member, this light metal can be aluminum or 
magnesium, and the Ught metal alloy can be an alloy including at least one of aluminum 
and magnesium. Moreover, the secondary material can be cast iron, iron steel, stainless 
steel, Fe-Cr-based alloy, or Ni-based alloy 

[0009] In the composite material member having the composition, the porous material 
is fit in the main material, and is contacted with the secondary material at a boundary 
area with the secondary material. Therefore, the porous material is accordingly 
selected, whereby the porous material is joined to the secondary material by diffusion, 
thereby increasing a joining strength of a boundary face between the main material and 
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the secondary material, and moderating themial strain by making the thermal property in 
a portion including the porous material of the main material to be an intermediate 
property of that of the main material and that of the secondary material. These porous 
materials, such as stainless steel fiber are available at a low price,. 
[00 1 0] Therefore, the porous material is preferably composed of a material which can 
be joined to the secondary material by difiiision, is more preferably composed of a metal 
fiber or a foamed metal produced by the material. According to this aspect, the porous 
material and the secondary material are sintered, thereby joining them by diffusion, 
resulting in obtaining fiuther larger joining strength of the boundary face, and reducing 
the production cost by a sinq)le process. 

[00 1 1 ] The metal fiber is laminated randomly or in an oriented condition, whereby the 
metal fiber can be a three-dimensional stracture, and the porous material can be a 
whisker aggregate. Furthermore, the metal fiber and the whisker preferably have a 
wire diameter of fi'om a few micrometers to a few millimeters, and the metal fiber and 
the whisker preferably have a grain size of fi"om a few micrometers to a few millimeters. 
The metal fiber and the whisker more preferably have a wire diameter of firom a few 
micrometers to 100 micrometers, and the metal fiber and the whisker more preferably 
have a grain size of fi-om a few micrometers to 100 micrometers. 
[00 12] The porous material preferably has a volume rate of fi*om 30 to 60% when a 
plate tiiickness in a direction spaced firom the secondary material is not less than 1 mm 
and is less than 2 mm, and the porous material preferably has a volimie rate of fi^om 20 
to 60% when a plate thickness in a direction spaced fi-om the secondary material is not 
less than 2 mm. When the plate thickness is less than 1 mm, a layer having the 
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intermediate thermal property is thin, whereby an action of moderating thermal strain 
between the secondary material and tiie main material is not suflBcient 
[00 1 3] Moreover, the porous material preferably has a volume rate of less than 30% 
vAi&i a plate thickness in a direction spaced from the secondary material is not less than 
1 mm and is less than 2 mm, tiie absolute amount is smaU, whereby the thermal property 
in the portion including the porous material of the main material is not intermediate, and 
the action of moderating thermal strain between the secondary material and the main 
material is not sufficient. Furthermore, joining area by difiusion between the porous 
material and the secondary material is small, and the strength of the joining of the 
secondary material and the main material is not sufficient. 
[0014] Furthermore, when the plate thickness is not less than 2 mm, the absolute 
amount of the porous material is increased, the lower limit of the volume rate can be 
allowed to be up to 20%. Therefore, when the volume rate is not less than 20%, the 
thermal property is intermediate, vviiereby the action of moderating thermal strain 
between the secondary material and the main material is sufficient. Furthermore, when 
the sintering is performed in a condition of putting the porous matCTial on the secondary 
material, the joining area by diffiision between the porous material and the secondary 
material is increased by contraction of the porous material on the joining fece by its own 
weight in the direction of the plate thickness, whereby the strength of the joining of the 
secondary material and the main material can be sufficient. As mentioned above, a 
strength which is sufficiently sustainable in use of thermal engine such as automobiles 
can be obtained. 

[001 5] In contrast, when the porous material has an excessive volume rate of more 
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than 60%, it is difficult to impregnate the main material melted in the casting in the inner 
portion of the porous material, wdiereby the main material cannot completely reach the 
secondary material, resulting in decreasing contact area between the main material and 
the secondary material. Therefore, the area of diffusion joining is not suflBcient, 
whereby it is difficult to increase the joining strength. Accordingly, it is preferable for 
the volume rate to be not more than 60%. 

[00 1 6] By setting the volume rate to be in the above-mentioned range, the porous 
material is set between the main material and the secondary material, wdiereby an action 
of moderating thermal strain between flie secondary material and tiie main material can 
be obtained, and the contact area between the porous material and tiie secondary material 
is sufficiently increased, and the main material such as light metal is impregnated into the 
porous material, wiiereby tiie main material reaches the secondary material, resulting in 
obtaining an advantage of adhesion of the main material and the secondary material. 
[0017] Furthermore, a volume rate of the porous material in the portion spaced from 
the secondary material is preferably set to be smaller than that in the portion close by the 
secondary material. According to the stmcture, the main material melted is easily 
impregnated into the porous material, and the contact area between the secondary 
material and porous material is increased, thereby increasing the area in diffusion 
joining. 

[0018] In the above-mentioned case, the volume rate of the porous material is 
preferably from 20 to 70% when the plate thickness is not less than 1 nmi. According 
to the stmcture, the contact area between the secondary material and the porous material 
is increased, whereby the joining area by diffijsion can be preferably increased, and the 
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main material such as the light metal is impregnated into the porous material, whereby 
the main material reaches the secondary material, preferably resulting in adhesion of the 
main material and the secondary material. 

[0019] The present invention also provides a method for producing a composite 
material member containing the following steps of preparing a main material composed 
of a light metal or a light metal alloy wiiich can be molded by casting, and a secondary 
material composed of a metallic material different from the main material or an 
inorganic material, and joining the secondary material to the main material by integrally 
casting the materials, wherein a porous material is contacted with the secondary material, 
the porous material and the secondary material are compressed at a predetermined 
volume rate and sintered in the contacted condition, thereby joining them by diffusion 
and obtaining a compact, and then tiie compact is joined to the main material by 
integrally casting them. According to the production method, a process of compressing 
the porous material and the secondary material, and a process of sintering the two 
materials can be organized. 

[0020] The production method is also performed by using a diffusion joining process 
in which the porous material preliminarily compressed at a predetermined volume rate 
and tiie secondary material are sintered in a condition of contacting the two materials, in 
place of using a diffiision joining process in which the porous material and the secondary 
material are compressed at a predeteraiined volume rate and sintered in a condition of 
contacting the two materials. In this case, the sintering process is performed once and 
pressurization in sintering is not necessary when the porous material is composed of fiber, 
whereby a press die for the pressurization is not necessary and material volume is small. 
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resulting in obtaining an advantage of high mass-production performance. 



BRIEF DESCRIPTION OF THE DRAWINGS 
[002 1 ] Fig. 1 is a sectional view showing an embodiment of the present invention. 
[0022] Fig. 2 is a sectional view showing an embodiment of the present invention after 
a shear test. 

[0023] Fig. 3 is a procedural flow chart for producing a composite material member of 
the present invention. 

[0024] Fig. 4 is a sectional view showing a die for producing the test piece for 

estimation which is a composite material member of the present invention. 

[0025] Fig. 5 is a sectional view showing a test piece for estimating impregnation 

performance and adhesion performance of the composite material member of the present 

invention. 

[0026] Fig. 6 is a sectional view showing a test piece for estimating boundary strength 
of the conq)osite material member of the present invention. 
[0027] Fig. 7 is a sectional view showing an embodiment for a testing method for 
estimating boundary strength of the conqDosite material member of the present invention. 
[0028] Fig. 8 is a graph showing relationships between the boundary strength and the 
volume rate of the porous material. 

BEST MODE FOR CARRYING OUT THE INVENTION 
[0029] Embodiments of the present invention will be e^lained hereinafter. 
1. Production Samples 
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[0030] A procedural flow chart for production samples No. 1 to 24 shown in Table 1 is 
shown in Fig. 3 . First, by using a method for extracting melted metal disclosed in 
Japanese Patent PubUcation No. 3 1 76833, fibers having a diameter of 40 pm were 
produced by using SUS 430, the obtained fibers were unwoven, wiiereby webbing 
having coating weight of 140 g/m^ were produced. Directions of the fibers were 
randomly in a surface lamination direction. The webbings were punched out into a 
shape for testing by a pressing machine, and a predetermined number of the punched 
webbings were laminated, whereby laminated bodies were obtained. The laminated 
bodies were pressed so as to obtain porous materials having volume rates shown in Table 
1 . The volume rate (%) is a value showing compactness of the porous material which 
is shown by the following formula. 

Vf = (tme volume / apparent volume) x 100 
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[0031] 
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[0032] The porous materials preliminarily compressed at a volume rate shown in Table 
1 were set on the SUS 430 used as the secondary material, and these materials were 
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sintered at 1 100 °C for 2 hours (by compression by its own weight) without loading in a 
vacuum fiimace, whereby compacts were obtained. In this step, the secondary material 
and porous material, and the porous material and the porous material were joined by 
diffusion. The obtained compacts as mentioned above were preheated at 300 °Q and 
were set on an undersuiface of the die 2 shown in Fig. 4, and Al alloy ADC12 (JIS 2118) 
which was a main material was poured from a fOl pot 21 of melted metal at 750 °C and 
600 MPa, whereby test pieces of composite material member were produced 
(die-casting). According to the method, production efficiency is hi^ since it is not 
necessary for the porous material to be sintered in a condition of pressing the material. 
[0033] In the method for producing the samples 1 to 24, the process in which the 
porous material is preliminarily compressed can be omitted, and the porous material can 
be compressed in sintering of the porous material and the secondary material so as to 
obtain predetermined Vf . 

[0034] The samples Nos. 25 to 27 were obtained by respectively sintering two kind of 
porous materials having different Vf in the step of obtaining predetermined Vf by 
pressing the porous materials, in producing method for the san5)les Nos. 1 to 24, and by 
sintering again in a condition of laminating the porous materials on the secondary 
material in descending order of Vf in the step of producing the compacts. 
[0035] The samples Nos. 28 and 29 were obtained by using Ni foamed metal having a 
coating weight of 140 g/m^ (Cermet, produced by Sumitomo Electric Industries, Ltd.) 
and by performing of molding, sintering, and casting shown in the Fig. 3. 
2. Examination Contents 

[0036] hr^Dregnation performance, adhesion performance, and boundary strength were 
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estimated at three levels. Fig. 5 shows a specifications of the test piece for estimation of 
impregnation performance and adhesion performance, and a = 20 nmi, b = 100 mm, P = 
30 mm, and q = 15 mm in Fig. 5. 

[0037] The impregnation performance means an estimated performance which shows 
a degree of impregnating the porous material into the main material and is observed by 
scanning Electron Microscopy (SEM). 

[0038] The adhesion performance means an estimated performance in which the 
presence of interstitial spaces in the boundary fece between the secondary material and 
the main material is estimated, and the adhesion performance was observed by SEM. 
[0039] The joining strength at flie boimdaiy fece was estimated by joining strength at 
the boundary face between the secondary material and the main material by a shearing 
test. 

[0040] Fig. 7 shows an embodiment for a method for a shearing test in which a test 
piece of a composite material member having a shape shown in Fig. 6 is held between 
parts of a fixed jig 31, and a shearing jig 32 is moved in the pressurization direction 33 at 
0.5 mm/min, whereby shearing stress is measured, and the measured value is considered 
as the joining strength in the boundary fece. 
3. Test Result 

[004 1 ] The test result is shown in Table 1 . The meaning of the symbols in the 

estimation result column will be e?q)lained hereinafter 

[0042] The impregnation performance was estimated at three levels. 

O: excellent impregnation performance (the main material was completely impregnated 

up to the boundary fece betwera the secondary material and the main material.) 
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A: defective impregnation performance in a part (although the main material was 

impregnated up to the boundary face between the secondary material and the main 

material, there are cavities in a part of the composite portion with the porous material. 

However, the presence of the cavities is within an allowable range. ) 

X : defective impregnation performance (the main material was not impregnated up to 

the boundary fece between the secondary material and the main material.) 

[0043] The adhesion performance was estimated at three levels. 

O: excellent adhesion performance (the secondary material and the main material are 

completely adhered.) 

A: defective adhesion performance in a part (interstitial spaces between the secondary 
material and the main material exist places. However, the presence of the interstitial 
^aces is within an allowable range. ) 

X : defective adhesion performance (interstitial spaces between the secondary material 
and the main material exist.) 
4. Estimation 

[0044] Fig. 1 is a sectional view showing an example of the composite material 
member 1 of an embodiment of the present invention. In the constmction of the 
conq)osite material member shown in Fig. 1, a main material 11 (SUS430)anda 
secondary material 12 (ADC 12) are joined on the joining portion 14, and metal fibers 
1 3 (SUS 430) are arranged in the boundary portion. It was confirmed that the 
secondary material 12 and the metal fiber 17 were joined by diffusion in diffusion 
joining portion 16, and metal fiber 13 and metal fiber 13 were joined by diffusion in 
diffusion joining portion 17. 
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[0045] Fig. 2 is a sectional view showing an example of the composite material 
member 1 of an embodiment of the present invention similar to the example shown in 
Fig. L In the example shown in the Fig. 2, interstitial space 15 occurs by peeling the 
boundary fece 14. The condition of the boimdary face is defined as the defective 
adhesion. The interstitial space 1 5 occurs by peeling the boundary face due to large 
strain based on difference in coeffiLcient of thermal e^ansion. 
[0046] The samples Nos, 1 to 24 are a sample group having common point in which 
Vf of porous material is uniform in tihie same sample. Influence for the boundary 
strength in the case of changing the plate thickness and the Vf of these samples is shown 
in Fig. 8. In Fig. 8, tl = 1 mm, t2 = 2 mm, and t3 = 3 mm in the plate thickness. As 
for comparison of the influence of the plate thickness, when the plate thickness is greater, 
the boundary strength is obviously larger in a range of Vf of not more than 40. 
However, if the plate thickness is greater, the boundary strength is not obviously larger as 
well in range of Vf of not less than 50 . As for the influence of the V^ when the Vf is 
larger, the boundary strength is obviously larger. Judging firom these tendencies, when 
flie boundary strength must be increased, Vf is increased However, increasing the 
plate thickness is effective for the boundary strength in range of a small Vf (less than 30), 
and the increasing the plate thickness is not effective for the boundary strengfli in a range 
of a large Vf Therefore, it is confirmed that the closest element for the boundary 
strength is Vf in the vicinity of the joining face, and when the plate thickness is not less 
than 1 rmnandlessthan2nirri, VfisnecessarQy30ataniiriimuni,andwhen Vfislarger^ 
the boundary strength is larger, and when the Vf in the vicinity of the joining fece is 
firrther smaller (not less than 20), the small Vf can be covered by the plate thickness (not 
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less than 2 mm). However, in contrast, it is confirmed that when the Vf is set to be not 
less than 70, high impregnation performance and adhesion performance cannot be 
obtained (samples Nos. 10, 17, and 24), and casting cannot be preferably performed. 
This is because when the Vf is excessively increased, it is difficult for the main material 
to impregnate into the porous material in casting in the producing conditions. 
Moreover, the plate thickness is excessively small such as less than 1 mm (sanq)les Nos. 
1 to 3), it is confirmed that even when the Vf is increased, the effect of existence of the 
porous material in the boundary area between the main material and the secondary 
material is not apparent. Therefore, it is confirmed that, in the porous material of the 
present invention, when the plate thickness is not less than 1 mm and less than 2 mm, 
preferable boundary strength can be obtained in the case of setting the Vf to be 30 to 60, 
and when the plate thickness is not less than 2 mm, desirable boundary strength can be 
obtained in the case of setting the Vf to be 20 to 60. 

[0047] The samples Nos. 25 to 27 are obtained by laminating 2 kinds of the porous 
materials having different Vf In these examples, conflicting performances of high 
impre gnation performance of the main material in casting in the case of small Vf and 
high boundary strength in the case of large Vf are balanced. Even when the whole 
plate thickness is 1 mm, preferable boundary strength can be obtained. For example, in 
sample No. 25, the average of Vf is 40, and the boundary strength (122 MPa) of the 
sample No. 25 is 1 .6 times of that (75 MPa) of the sample No. 7 which has 
corresponding plate thickness of 1 mm and Vf of 40. However, the Vf exceeds 80, 
defective impregnation occurs in tiie condition of the producing condition. 
[0048] The san^^les Nos. 28 and 29 are obtained by using foamed metal as a porous 
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material. The boundary strengths of the samples Nos. 28 and 29 are lower than those 
of the san5)les Nos. 12 and 14 having plate thickness and Vf equal to those of the 
samples Nos. 28 and 29. Because mesh of the foamed metal is coarse and the 
secondary materials are different between the samples Nos. 12 and 14 and the samples 
Nos. 28 and 29. 
5. Changed example 

[0049] Light metal which is the main material of the present invention means 
aluminum, magnesium, alloy made of at least one of these metals and another metal. 
However, the light metal is not limited in tiie range of the above-mentioned metal and 
alloy. 

[0050] The secondary material of the present invention can be any material which can 
cover the problems of the Kgjit metal. For example, when mechanical strength such as 
tension, compression, shear, and fiiction must be covered, it is preferable for the 
secondary material to use cast iron, iron steel, stainless steel, Fe-Cr-based alloy, Ni-based 
alloy. When the thermal strength must be covered, it is preferably for the secondaiy 
material to use various ceramics. However, the secondary material is not limited in the 
range of the above-mentioned material. 

[005 1] As property of the porous material of the present invention, it is preferably to 
join the porous material and the porous material, and further porous material and the 
secondary material for diSusion. However, the property of the porous material is not 
limited in the range of the above-mentioned property. Any porous material having 
properties in which the porous material and the secondaiy material can be joined by 
binding or brazing can be used. As the thermal property, coeflScient of thermal 
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e>q)ansion of the porous material is preferably equal to that of the secondary material. 
Therefore, the porous material is more preferably composed of the same material of the 
secondary material. 

[0052] hi the samples Nos. 1 to 5, tiieraial strain cannot be completely moderated in 
the producing condition, whereby the defective adhesion is observed. In another 
producing condition in vAnch pressure is held for about 2 minutes after injection of 
melted metal, and pressure is also appUed in the quenching, the adhesion performance is 
improved, and test pieces having preferable joining face can be obtained. Additionally, 
in these methods, it is inevitable that production facilities are e>qpensive and the 
production process is time consuming. 

[0053] hi the samples Nos. 10, 17, and 24, defective impregnation occurs. However, 
test pieces having preferable impregnation performance can be obtained by preheating 
the compact to 700°C or increasing pressure for pouring the melted metal at 100 MPa. 
Additionally, these preprocessing and casting conditions bring high production cost 
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